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1. LY THUYET

Trong phuong phap tao mang tir hda hoc, ngudn vat liéu can tao mang cé thé ¢
dang hoi (phuong phap CVD ) hay dang dung dich ( phuong phap Sol Gel,
MOD...).

Phuong phap hda hoc di tir dung dich co ban thong qua ba giai doan sau:

- Hoa tan precursor trong dung maéi thich hop.

- Tao mang bang nhiing ky thuat khac nhau (mét hay nhiéu 16p)

- Xt ly nhiét cho mang dé loai boé hop chat hitru co thira va dé chuyén mang sang

mang thanh pham.

Thuec tdp: Phwong phdp ché tao mang méng
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Precursor ban Két khoi va két
dau tinh
Thuy _
Ngung tu Nhiét do
Tao sol Say
Tao hat oxit kim Bay hoi dung
loali moi va chat hiru
Phu _
Pha Gla
nhdn nhigt
Gel hoa binh hinh
Mang ludi oxit I:> Cung co lién ket
kim loai hat-hat

Hinh 1: So do cac giai doan chinh ciia phuong phép sol - gel
Precursor 12 nguén vat liéu chinh ding dé tao mang, s& chtra thanh phan cua vat
liéu can tao mang.
Dung méi la chat dé hoa tan precursor. Trong qué trinh hoa tan precursor trong
dung mai, chat 6n dinh hay chat phu gia (chat don) c6 thé duoc thém vao Véi
lwgng thich hop nhiam tao duoc dung dich c6 d6 6n dinh cao, thuan loi cho qua
trinh tao mang sau nay.
Tuy theo precursor st dung ban dau va cac chat on dinh dugce dua vao ciing nhu
cac phan tng hoa hoc xay ra trong giai doan tao dung dich ma nguoi ta chia ra
nhiéu phuong phap khac nhau nhu : Sol-Gel, Pechini, MOD...Sau day ta s& tim
hiéu mot cach tong quat vé 3 phuong phép nay.
1.1 Khai niém
Phuong phap Sol-Gel duogc xem 1a phuong phap tiéu biéu cho phuong phap hoa
hoc di tir dung dich. N6 1a phuwong phap héa hoc uét tong hop cac phan tir huyén
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phl dang keo rin trong chat Iong, sau d6 tao thanh nguyén liéu ludng pha, duoc
chtra diy dung méi cho dén khi xay ra qua trinh chuyén tiép Sol-Gel.

Cac khai niém co ban lién quan dén phwong phdp Sol-Gel

1.1.2 Precursor

Precursor st dung trong phuong phap Sol-Gel dugc dinh nghia 1 nhitng phan tu

ban dau, tham gia vao qua trinh phan tmg dé tao nén nhitng hat keo.

Hinh 2: Precursor — thanh phan ban dau caa qué trinh Sol-Gel

Precursor c6 thé 1a cac alkoxide kim loai c6 cong thuc tong quéat: M(OR)x, trong
d6 M la kim loai, R 1a nhdm alkyl. Alkoxide kim loai la precursor duoc sir dung
pho bién vi ching phan tng dé dang véi nude. Ngoai ra, cac precursor ¢ thé la
mubi halogen hoic hop chat hitu co, hay ciing c6 thé 1a cac mubi kim loai (mubi
nitrate, sunfide, acetate, chloride...), viéc str dung cac mudi kim loai nhim dé thao
tac hon so véi sir dung precursor 1 céc alkoxide kim loai do mudi kim loai cd thé
hoa tan tét trong nhiéu loai dung mdi hiru co khac nhau va dé chuyén thanh oxit
Kim loai hon trong qua trinh xt li nhiét.

1.1.2 Sol

Sol 14 tir ngir m6 ta su phan tan cua céac hat keo trong hé chat long. Nhitng hat keo
nay la nhiing phan tir ran co kich thudc 1 dén 10 nm, bén trong chira hang trim

nguyén tu.
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Céc hat keo lién két véi nhau bang luc Van der Waals, chung duoc duy tri chuyén

MANG LUCI
LIEN KET M-O-M

| O
HO

dong trong hé bang chuyén dong ngau nhién Brown.

Hinh 3: Su phan tan cua cac hat keo trong chét long (bén tréi) va cau trdc hat sol
(bén phai)

Do tuong quan gitta xu hudng “c6 trat ty” (dudi tac dung cua trong truong) va “vo

trat ty” (do chuyén dong Brown) cuia cac hat keo ma ching c6 thé sa ling (chua yéu

dbi vai cac hat 16n) hay phan b6 ¢ do cao xac dinh trong hé (véi cac hat nho). Kha

ning phan bd can bang cua céc hat trong toan hé goi 1a tinh bén viing sa ling hay

tinh bén viing dong hoc. Tinh 6n dinh cua sa ling phu thudc vao kich thudc cac

hat keo, c6 2 truong hop sa lang:

- Mdi hat sa lang doc 1ap, su sa lang xay ra cham. Hé thudc hé bén viing lién két.

- C4c hat keo tu lai véi nhau va sa lang thanh tirng cum mét. Pay 1a hé khéng bén

viing lién két.

1.1.2 Gel

Dung dich sol ton tai dén mét thoi diém ma cac hat keo két tu lai véi nhau. Cau

trdc cta thanh phan ran, long trong dung dich lién két chat ché hon tao nén chat

két dinh, san pham méi tao thanh chinh 1a gel. Co ché chinh tao gel la cac hat sol

phan ang véi nhau tao thanh c6 tiép xdc giita cac hat, kha nang phan tng gitra cac

hat sol phu thugc vao s6 nhdm —OH trén bé mit hat, kich thudc hat.

Thuec tdp: Phwong phdp ché tao mang méng
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Ngung tu nudc
OR N OR
OH
OH
MANG MANG
OH LUGI LIEN @ LUOGI LIEN OR
KET M-O-M 1 KET M-O-M
OR OH OR OH
OH OH

Ngung tu ruou
Hinh 4. Qué trinh lién két gitta cac hat sol

Nhiéu hat sol lién két véi nhau s& tao thanh cac cluster trong dung dich. Cac
cluster s& tiép tuc phat trién cho dén khi gitra cluster nay va cluster khac hinh
thanh cac lién két ngang, tao ra mot mang luai lién két kim loai — oxy trong toan

dung dich.

—T7i—0 —Ti—o0—rT1i —

o) o) o)

- Tj == 0O = Ti —O0 =T =—
Hinh 5. Mang lui lién két kim loai — Oxy — kim loai

Ddng thoi véi qua trinh gel hoa 13 su ting d6 nhét cua dung dich 16n dang ké, dé
tao gel phai ting nong d6 dung dich, thay doi pH hoic ting nhiét d6 dé ha rao can

tinh dién cho cac hat twong tac va két tu lai véi nhau.

Thoi gian tir khi két thic phan ang thay phan dén khi két thiic giai doan gel hoa

goi la thoi gian gel hoa.
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Giai doan sol, gel 13 hai giai doan quan trong hinh thanh ciu triic cuia mang sau
ndy moi yéu té anh hudng dén tdc do tao sol hay gel déu anh hudng truc tiép dén

C4u triic mang thu dugc.

Mang khung sau khi két thuc giai doan gel hoa s& c6 dang soi néu hat sol cé kich

thudc nho va s& ¢6 dang hat néu hat sol ¢ kich thuéc 16n.

Phan loai Gel:

- Gel kho: gel duoc siy dé bay hoi & nhiét diéu kién thuong. Céac hat két tu lai véi
nhau lam giam thé tich so véi luc dau.

- Gel khi: gel duoc sdy ¢ diéu kién siéu téi han vé nhiét do va &p suét nén cac hat

it bi co lai hon.

Hinh 6: San pham gel khd va gel khi

Céc yéu t6 anh hwong dén sw tao gel:

- Nong d6 cac hat keo: ting ndng do hat, s6 va cham giira c4c hat ting 1én va do d6
téc do tao gel cling ting.

- Hinh dang céc hat: cac hat cang bat dbi xung cang dé tao gel do nhitng chd yéu
trén bé mat cac hat nay 1a cac dau, goc, canh...; tai d6 16p dién kép va 16p vo
solvat hoa phat trién kém nhét nén sy két dinh dé xay ra.

- Nhiét do: nhiét d6 cang thap, chuyén dong Brown yéu, kha ning tao gel cang
lon.

- Tac dong co hoc: sy khudy hozc rung bén ngoai s& pha v khéi gel.

1.2 Cac phan #ng hoa hgc co ban trong qua trinh Sol-Gel
C6 2 phan tng hda hoc co ban trong qua trinh Sol-Gel la phan ng thuy phan va
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ngung tu dé tao thanh mang luéi cac hat trong dung dich.

M6t céch tong quat ta xét qua trinh thiy phan, ngung tu cua cac alkoxide kim loai.
1.2.1 Phan tng thiy phian

Phan ng thay phan thay thé nhém alkoxide (-OR) dé tao thanh lién két kim loai —
alkoxide bang nhém hydroxyl (-OH) dé tao thanh lién két kim loai — hydroxyl.

OR OR
| I
OR —M — OR + H,0—> RO—1|V1—OH + ROH [2
| ]
OR OR

Mot phan tir alkoxide kim loai ¢é thé phan tng véi nhiéu phan tir nuée tly theo sb

mol nudc tham gia phan g theo phuong trinh sau:
M(OR), + xH,O —> M(OR),4x(OH)x + xROH

Trong phan tng trén san pham thuy phan gom hydroxylalkoxide va rugu ROH.
Sau d6 hydroxyl alkoxide tiép tuc tham gia phan ung thity phan va ngung tu.

1.2.2 Phan &ng ngung tu

Phan tng ngung tu tao nén lién két kim loai — oxide — kim loai, 13 co s& cau tric
cho mang oxide kim loai. Hién tuong ngung tu dién ra lién tuc 1am cho lién két
kim loai — oxide — kim loai khong ngung ting 1én cho dén khi tao mot mang ludi
kim loai — oxide — kim loai trong khap dung dich. Hai phan ang chinh xay ra khi

ngung tu [1]:

Phan rng ngung tu ruou:

10
Thuec tdp: Phwong phdp ché tao mang méng

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Thuc tap Cé s¢ Nganh - Ché tao Vat liéu Phong Thi Nghiém Co s¢ KHVL

OR OR OR OR

|| I| l |

RO-M-OH + RO-M-OR —» RO-M-0O-M-OR + ROE[2

| | | :

OR OR OR OR

Phan tng ngung tu nudc:

OR OR OR  OR

X | |

RO-M-OH + HO—-M-OR —— RO-M-0O-M-OR + HOH [Z]

OR OR OR OR

Trong thyc té thi phan tmg ngung tu cd thé xay ra giita monomer, dimer, trimer
véi nhau rat phuc tap dé tao ra cac oligomer kim loai — oxy — kim loai trong dung
dich.

Khi c6 su xuat hién cia cac chat tao phirc s& can tro phan (ng thuy phan va ngung
tu khdng ché viéc tiang kich thudc hat va dung dich thu duoc sau phan wng thuy

phan s& bén hda hoc va trong subt.

1.3 Cac bwéc tién hanh qua trinh Sol-Gel

Quaé trinh Sol-Gel trai qua cac budc :
— Trén lan

— Gel héa

— Dinh hinh

— Hoébarin

—  Thiéu két

11
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1.3.1 Trén lan
Pay 1a qua trinh nham tao cau tric M-O-M. O giai doan nay, precursor hitu co kim

loai M(OR)x phan &rng véi nudc trong qua trinh thiy phan, ngung tu. Cac phan
g thiy phan, ngung tu ndy xay ra déng thoi di c6 thé khong hoan toan nhung
cudi cuing van tao ra chat keo gdm nhitng phan tt nho.

Phan wng thay phan, ngung tu ¢ thé dugc ting hay giam toc do bang cach thém
vao chit xdc tac axit hay bazo thich hop.

1.3.2 Gel hda

Qua trinh Gel hoa la qua trinh chuyén tiép trong co ché Sol-Gel. Su da ngung tu
cua cac alkoxide hitu co sé& tao nén nhitng phan tir keo lién két véi nhau tao mang
lugi khdng gian 3 chiéu M-O-M trong khip dung dich.

Trong qué trinh Gel hoa, chat xtc tac dong vai trd quan trong, anh hudng dén van
téc ngung tu. Néu dung dich c6 pH thap, nhitng phan tir kim loai san sinh ra rat it
cac ion mang dién nén cd thé lién két lai tao chudi Gel dai.

1.3.3 Dinh hinh

Sau qua trinh Gel héa, cau tric mang véi nhitng 15 xop con chira dung mai tiép tuc
phat trién. Quéa trinh nay cé anh hudng dén d6 bén cua Gel va phu thudc vao céc
nhan t6 anh huong dén sy hoa tan nhu: nhiét do, 6 pH...

1.3.4 Héarin

Formamide (HCONH,) 14 mét trong nhiing chat phu gia pho bién dé hoa ran Gel.
Bat dau ¢ trang thai dung dich, dudi diéu kién xic tac axit, HCONH, lam ting d6
pH cua dung dich theo thoi gian.

Vi phan ng thuy phén xay ra nhanh khi c6 xtc tac axit. Do do viéc thém
HCONH, lam cho sy thuy ph&n c6 hiéu qua hon va hién tuong ngung tu Xay ra
nhanh hon, lam Gel bén hon.

1.3.5 Thiéu két

Pay 1a qua trinh két chat khdi mang. Mang rin dich chuyén nho vao su khuéch tan
dé loai trir 15 xop.

1.4 Céc yéu t6 anh hwéng dén qua trinh Sol-Gel

12
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1.4.1 Anh hwéng cuaa chit xic tac
XUc tac axit 1am ting toc do thuy phan, 1am cham téc do ngung tu. Axit cang

manbh, thoi gian phan g cang nhanh va nguoc lai.

o A
<
RO—M—OR + H" = RO—M—C
I | ~H
OR. OR.
[ : OR. OR
0 i
o R g [ R OR R
RO—IT[—CIH + RD—I\F—U\H\—‘! RO—}F—O?M;D\ N RO—hld—O—h;I—OR
OR OR OR R OR ° OR. OR
+ ROH
Hay phan tng xay ra:
OF. nhanh OR.
| . L H
RO—M—0OH + H —_ RD_ITI_O\H
I
OFR. OR.
[ . OR OR
?R ?R chim ?R ?R _H [ [
FO—M—0OH + RO—M—j = |RO—M—0O—HM—0 = RO—M—O—M—OR
| | N\H | VAN [ I
OR OR OR  OR OR OR OR

Véi xiic tdc bazo thich hop, phan tng ngung tu Xay ra nhanh hon. Téc do phan

mg ngung tu ti 1& véi nong do H

R R
RO—M—OR +0H =— RO—ITI—O_ + ROH
|
OR. OR
hoac
OR OR
RO—M—OH +OH™ — Ro-mf.r—o‘ + OHO
OR OR

Phan Gng ngung tu:

- +

o% o oo T or on
RO—ITI—O_ + RO—M—0OH =— RO—}F—O—/M\—OH = RO—I\Id—O—hle[—OR +0H™
OR. le OFR OR OR OR. OFR.
13
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1.4.2 Anh huéng cia dung méi
Dung méi ngin chin sy tach pha long trong giai doan dau cua phan tng thay
phan. Co6 2 loai dung moi: dung méi phan cuc (nudc, rugu...) va dung moéi khong
phén cuc.
Dung mdi phan cyc dung dé hoa tan cac chit phan cuc, téi este hoa, phan tng thay
phan tao H*. Dung méi phan cuc 1am cham qua trinh ngung tu néu dung xuc tac
bazo va ddy nhanh qua trinh ngung tu néu ding xuc tac axit.

Dung méi khéng phéan cuc: khdng tham gia vao phan trng nghich.
1.4.3 Anh hwéng ciia ti s6 R

R = s¢ mol nuéc tham gia thiy phan/so mol precursor tham gia thuiy phan
Phan ng thuy phan xay ra trong khoang 1<R<50. Gi4 tri R ting sé& thiic day phan
ung thuay phéan. Véi R I6n, phan tng thuy phén xay ra hoan toan trudc khi xay ra
phan tmg ngung tu. Tuy nhién, néu R tang 1én nita - tac dung dich bi pha lodng, s&
lam cho ndng d6 alkoxide kim loai giam dan dén téc do thuy phan va ngung tu
cling giam theo.
1.4.4 Anh huwéng ciia chat phu gia
Trong dung dich, su phan bd chat tan va néng do chat tan ¢ anh huong l6n dén
strc cang bé mat cua dung dich, tac dong dén chat lwong chat luong mang khi tao
thanh.
Chat phu gia dugc thém vao dé lam gel khd ma khdng bi nit gdy. Chat phu gia c6
tac dung nhu nhitng chat hoat dong bé mit, c6 tac dung 1am giam strc cing bé mit
nén giam nat gay trong qua trinh thiéu két. Mot s chat phu gia thuong dung: axit
oxalic, axit acetic, axit strearic, polyethylene glycol (PEG)...

Cong thic ciu tao cua PEG:
/LDO \ /C ’ Zzh\
CH 2 OH
n

14
Thuec tdp: Phwong phdp ché tao mang méng

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Thuc tap Cé s¢ Nganh - Ché tao Vat liéu Phong Thi Nghiém Co s¢ KHVL

Poly etylen glycol 1a chat don tao cau tric x6p cho mang trong phuong phap sol —
gel. Trong dung dich sol, PEG s& chen vao mach polymer v6 co bang cach tao lién
két voi céc oligomer hay tao lién két hydro véi nhdm —OH trén bé mat cua céac
oligomer. M6t sé chat don c6 kha ning tao lién két véi cac oligomer ¢ nhiét do

phong, mot sé khac doi hoi dung dich sau khi pha chat don vao phai u nhiét.

Sau giai doan tao gel thi cac phan tir polyetylen glycol nay s& nim chen giita cac
mach polymer v6 co va sau giai doan nung két khdi thi PEG s& phan hay hoan

toan dé lai cho mang cac 15 xbp c6 kich thudgce lon.

Polyethylene glycol dugc su dung trong phuong phap sol-gel cé phén tu lugng
trung binh 800 + 2000, c6 kha nang tao lién két vai cac oligomer ngay tai nhiét do
phong. C6 thé hoa tan trong nude va ruou, thudng dugc cho vao dung dich ngay

sau giai doan tao sol.
1.5 Phuwong phap Pechini

Vi phuong phap Sol-Gel truyén thong, su can bang phan tng thay phan-ngung tu
cia mot s6 kim loai bi han ché. Nam 1967 Pechini dua ra phwong phap Sol-Gel
cai tién va goi 1a phuong phap Pechini. Phuong phap Pechini khic phuc dugc han
ché cua phuong phap Sol-Gel truyén thong. Theo d6, phuong phap Pechini dya
trén su hinh thanh nhitng hop phuc caa cac kim loai kiém, kiém thé, kim loai
chuyén tiép bang cach sir dung nhitng nhan té tao cang hiru co (organic chelating
agent) vi du nhu axit citric. Trong phuwong phép nay, mot polyalcohol (chang han
nhu ethylene glycol) duoc thém vao dé tao cau ndi giita nhirng nhan té tao cang

bang phan wng polyester hda.
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Hinh 7: Phan ng tiéu biéu trong phuong phéap Pechini
Thudn loi ciia phirong phdp Pechini 1a khi st dung nhitng nhan t6 tao cang, nhiing
chat tao cang nay c6 kha ning hinh thanh nhitng hop phtc hydroxo 6n dinh véi
nhiéu kim loai khac nhau tng véi ving pH rong. Do d6 cho phép dé dang tong
hop nhitng oxit caa cac hop phtc, tng dung cho viéc tao mang da thanh phan.
Lera chen nhan té tgo cang
Vi phuong phap Pechini, precursor ban dau thudng di tir hop chat cua cac mudi.
Véi mot sé loai precursor, su hoa tan gitra ching va dung méi bi han ché. Khi d6
nhan t6 tao
cang sé dong vai tro trung gian giup hoa tan cac precursor duoc dé dang hon.
Thong thudng phan tir ciia cac nhan té tao cang nay gom 2 phan:
- Gdc khdng phan cuc: day hydrocarbon
- Nhém dinh chire phén cuc: -OH, -COOH, -NH,
- Axit citric (HsCgHsO-) 1a chit tao cang duoc sir dung phd bién nhat.

Cong thirc cAu tao cua axit citric
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Ngoai ra, axit oxalic hay polyvinyl alcohol (PVA) d6i khi ciing duoc sir dung lam
chét tao cang.

Han ché ciia phirong phdp Pechini

Khong giéng nhu phuwong phap Sol-Gel truyén thong la c6 thé tao nén mang ludi
M-O-M trong khip dung dich thong qua giai doan thuy phéan, ngung tu; trong
phuong phap Pechini, mang luéi gel dugc hinh thanh boi sy este hoa gitra tac nhan
tao cang va polyalcohol. Nhitng ion kim loai duoc bt giir trong mang luéi hitu co
nhung chiing dugc lién két rat yéu, khdng thé tao ra duoc nhitng cau tric moiety
(c4u trac nhu chudi 2D) ma hau hét cac hat tao ra duogc tir phwong pha nay déu co
dang hinh cau (hay gan giéng hinh cau).

M6t han ché nira cua phuong phap Pechini 13 theo 1y thuyét, phuwong phap nay cho
phép tong hop cac mubi sunfide, carbide, nitride. .. nhung trén thuc té nhitng tong
hop nay lai khé thuc hién duoc.

1.6 Phwong phap MOD

Mot phuong phap khac di tor dung dich 1a phuong phap MOD (Metal Organic
Decomposition). Phuong phap nay 1a phuong phap phan huy hop chat hiru co-kim
loai, 12 phuong phap dung dé tao mang vo co ma khong can thong qua giai doan
bot hay gel.

Theo phuong phép nay, precursor chi can duoc hda tan trong dung mdi thich hop
sau d6 nhd qué trinh xir 1i nhiét dé loai bo hop chit hiru co thira va dé chuyén
mang sang mang vo co.

Vi thé, precursor va dung méi dung trong phuwong phép nay doi hoi phai hoa tan

tdt véi nhau.
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Trong phuong phap nay, qua trinh xtr li nhiét dong vai tro quan trong cho su hinh
thanh san pham cudi cung.

Y&u cau ddi véi precursor

- C6 cAu tric, cong thuc hod hoc xac dinh.

Trong phuong phap MOD, precursor s& 1a c&c hop chét hiru co-kim loai héa trj z
c6 codng thac: (RCOO),M, (RCO0),..M(OR’),, (RCOO),M(NR"),

- D& téng hop, 6n dinh dudi nhimg diéu kién méi trudng xung quanh.

- C6 kha nang phan huy nhiét ma khdng can bay hoi hay noéng chay. Pay 1a dic
tinh quan trong nhat cua precursor dung trong phuong phdp MOD nham dé phan
biét n6 vaéi precursor khac dung trong phuong phap CVD.

- C6 @6 hoa tan kha cao trong mét s6 dung méi pho bién.

- Nhiét do phan hay phai chinh xac.

- Kinh té va twong ddi an toan véi méi trudng.

Yéu cau doi véi dung moi

- Hoa tan tét nhitng hop chat hitu co-kim loai ma khéng phan tng véi cac hop chét
htru co-kim loai d6.

- Tc @6 bay hoi caa dung mdi cd thé kiém soat dé co thé loai bo dung moi khoi
mang trong qua trinh xtr ly nhiét.

- Khéng bi ph&n hay trong qua trinh bao quan.

- Gié thanh thap.

Uu diém - Han ché ciia phwong phip MOD

Uu diém

- V&i céc hop chét hitu co-kim loai ding trong phuong phap MOD khi hoa tan

trong dung méi thich hop thuong c6 thoi gian dat dén trang thai can bang rat
nhanh, cho phép tao ra dung dich c6 pha can bang & nhiét 6 thip. Do d6 khi lang
dong dé tao mang, thoi gian khuéch tan trong mang vo co khi nhiét phan la rat
ngan, hdn hop cudi cling cd hoat tinh cao s& thuan loi dé tao mang c6 mat do day
dac.

- B¢ tinh khiét cua dung dich duoc duy tri sudt qua trinh MOD.
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Hgn ché

- Vi céu tric mang c6 thé dat duoc trang thai can bang nhiét dong rat nhanh. Ma
hau hét nhitng san pham mang dan dién hién nay déu do vi ciu tric cua ching
khong cé su can bang.

- Qua trinh xt Ii nhiét doi hoi phai dwgc kiém soat chit cha.

1.7 Uu — nhwoe diém chung ciia phwong phap sol — gel

1.7.1 Uu diém
e Kha ning tao hinh tdt.

e Tao mang c6 do tinh khiét va tinh dong nhét cao tir vat liéu ban dau.

e (Co6 thé kiém soat duoc cdu triic cia mang thong qua cac yéu té nhu nhiét do
nung, thoi gian 4, ....

e Kha ning pha tap dé dang.

e Don gian, kinh té va hiéu qua dé san xuat mang & quy md cong nghiép.

1.7.2 Nhuoe diém
e Hao hyt nhiéu trong qua trinh tao mang.

e D& bj ran nirt trong qua trinh nung say.

e Nhiét do ché tao cao.

1.7.3 Ung dung
Phuong phap sol — gel c6 kha ning tao dugc nhiéu loai vat liéu phan chia theo

kich thuéc va hinh dang nhu sau:

e Vat liéu khoi, cac loai gom ap dién.
e Vit liéu mang mong, cac loai mang ban dan.

e Vat lidu bot.
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Hinh 8. Céc san pham cua phuong phap sol- gel. Hang ngang dudi cing tir trai

sang phai: vat liéu mang mong, vat liéu bot, vat liéu gém.

1.8 Cac Ky thuat tao mang tir phwong phap sol-gel

Trong phuong phap hoa hoc di tir dung dich, c6 thé sir dung k¥ thuat phun phu,
nhang hoic quay dé tao mang.

Sau ddy ta s& tim hiéu vé hai k¥ thuat tao mang twong ddi don gian va duoc sir
dung nhiéu trong cac phong thi nghiém: k§y thuat nhing va pha quay.

1.8.1 Ky thuat phi nhing (dip coating)
La phwong phap ma dé nén duoc nhiing hoan toan vao dung dich can tao mang sau

d6 duoc rat 18n véi van téc thich hop. Do day mang phu thudc vao toc do kéo, do
nhét cua dung dich, tdc d6 bay hoi ctia dung moi. ..

Cdc buwéc tién hanh qua trinh nhing:

- Bé nén duoc nhing trong dung dich va bat dau kéo mang

- Dung dich bam vao dé, ¢ duoc kéo 1én véi van téc thich hop.

- Tach dung dich du va bay hoi dung moi.
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Hinh 9: Tao mang bang k¥ thuat pha nhing

Cong thuc Landau-Levich tinh @6 day mang trong pha nhing:

(’7\/)2/3

h = 0.944 o6 p y1l2
(“9)

Vvéi h 1a d6 day mang, 1 1a d6 nhot caa chat long, v 1a van téc kéo, o 1a stc cang bé
mit cua chat long, p 1a ty trong dung dich va g 1a trong luc

1.8.2 Ky thuat pha quay (spin coating)
Spin 1a k¥ thuat tao mang mong ding k¥ thuat phi quay dé dung dich c6 thé duoc

phu déu 1én dé nho vao luc quay ly tm can bang véi luc tao ra do d6 nhét cua
dung dich, gilp mang tao dugc c6 d6 day twong ddi dong déu.

Cdc buéc tien hanh qua trinh spin:

- Nho dung dich 1én dé véi lugng thich hop

- Bat dau quay dé, gia téc dé dén van toc quay can thiét. Mot phan dung dich bj
vang ra khoi dé.

- Bé quay véi van tdc khong doi, dung dich lan chay trén dé duéi tac dung cua do
nhét caa dung dich va lyc ly tam.

- Két thuc quay, dung méi bay hoi khoi mang dan dén sy gel hoa cua dung dich

trén bé mat dé.
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Hinh 10: So d6 céc giai doan cua qua trinh spin
Phwong trinh dgng hec chdt léng trong qué trinh spin
Str dung phuong trinh Navier-Stokes trong toa do tru déi véi hé chat long bao gom
su truot bé mat gitta mang long va dia quay.

Sy thay doi do day mang theo thoi gian quay:

— 5 pm 22
dt 37

v6i h 1a d6 day mang, p; 1a mat do chat long, o 1a van toc goc, n 1a do nhét caa
chat long va A 13 hé sd truot.

Thong thudng hé sb truot rat nho, 6 thé bé qua va phuong trinh trén co thé viét
lai:

hO
-
R

[1+ 1/2
37

Vi hy: @6 day mang tai thoi diém t=0 (lic mai bat dau spin nhanh)
Mot vai gia tri phd bién trong phwong phép spin: hy = 10 pm, p; = 1glem®, ® =
2000 vong/phut, n =5 mPa.s vat=30s.
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Y N A & AP P70’y
Tu @6 ¢o6 thé tinh dugc hé so: '—’7
3

>>1

_> 1+ 4p|(92h02t ~ 4pla)2h:t

37 37

Nz 4P P70 , ,
Thay hé so '—77 vao pt tinh h, ta tinh duogc
3

n 1/2

1 3

h= —|
20 L Pt

Ta thdy d6 day cudi cung caa mang khong phu thudc vao h, hay néi khac 1a khéng
phu thudc vao lugng dung dich cho 1én dé.
Do day mang ran sau khi xir Iy nhiét hg

P
h = hp—'c,

S

Véi ps 1 mat do caa mang ran va ¢ = g mang ran/ g dung dich

Két hop phuong trinh h va hg ta co

© e U

Ta thay rang d6 day mang la mot ham theo van toc quay o, thoi gian quay t, do
nhét n caa dung dich sol.

1.9 Xir li nhi¢t cho mang_
bé dugc mang thanh pham, sau khi tao mang phai x& i nhiét cho mang. Giai

doan ndy anh huong manh dén cau tric cling nhu chat luong mang.

1.9.1 Xir li nhiét so bo (Pre-heat)
Thuong khi tao mang da 16p, sau mdi 16p mang duoc tao s& co giai doan xu ly

nhiét so bo (preheat) nham giup mang c6 di nang lwong phét trién mam, thuan loi
cho cau trGic mang phat trién ciing nhu dé loai bo céac chat hitu co thira khoi mang

ddng thoi chuyén mang thanh mang vo co.
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Thoi gian, nhiét d6 cung cip cho mang ciing nhu téc dd nang nhiét trong giai doan
nay la quan trong, anh huéng dén vi cdu trac, dinh huéng, chat lwong mang vé
sau. Qué trinh phan tich nhiét c6 thé s dung dé du doan duoc nhiét do thap nhat
can thiét dé loai bo hét Carbon ra khoi mang ciing nhu dua ra duoc toc do xu ly
nhiét & nhitng vang nhiét d6 khac nhau. Su hinh thanh ciu tric mang trong giai
doan nay phirc tap, bi anh huong bai nhiéu yéu té: ¢6 nhét dung dich, hién tuong
thAm w6t cuia dung dich 1én dé (lién quan dén stc cing bé mat caa dung dich, ning
lwong mat phan gisi giira pha ran-long va long —hot), vat liu dé. ..

Thé tich mang thay doi 16n trong giai doan nay. Su thay d6i thé tich co6 thé dan dén
nat mang do sy co ngdt. Sy thay ddi thé tich it hay nhiéu ciing phu thudc vao
phuong phép tao mang. Véi phuwong phap phu quay, su thay dbi thé tich Ion,
thuong 14 tir 10 dén 30 lan.

1.9.2 Nung va a nhiét
Giai doan nay sé gitip bay hoi hét dung méi con lai trong mang, vat chat két khoi

v6i nhau chit ché hon. Qu4 trinh két khdi xay ra theo co ché khuéch tan: vat chat
khuéch tan tir noi c6 néng d6 cao Vé noi c6 nong do thap. Thé tich mang tiép tuc
thay d6i trong giai doan nay. Giai doan ndy sé& hinh thanh nén céac bién hat 1am anh
hudng dén vi cau tric ciia mang.

2. THU'C TAP

2.1Quy trinh xir ly dé

Déi vai dé thay tinh:
e Ngam dé trong dung dich NaOH c6 nong dd 20% trong 15 phiit.
e Rira siéu 4m bang nudc cat trong 15 phit.
e Rura si€u am trong acetone trong 15 pht.
Déi véi dé silic:
e Ngam dé trong dung dich HF C% =20.
e Rira siéu 4m trong nudc cit trong 5 phit.
e Rura si€u am trong ethanol trong 5 phut.
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e Rira siéu am trong acetone trong 5 phut.

2.2 Thiét bi sir dung trong bai thuc tap
e May phu nhiing

e May phu quang
e Khudy tir gia nhiét
e Tusay
e L0 nung nhié¢t do cao
e Béria siéu 4m
e (Can dién tir
e Pipet, becher, mudng, diia thity tinh
2.3Ché tao sol ZnO va phii mang bing phwong phap phii nhiing

Hoéachat

— Precusor Zn(CH3COQ),.H,0 (M = 201g/mol).
— Chit tao phirc Diethanolamine (DEA) HN-(CH,-CH,-OH), (M=105,14 g/mol).
— Dung moi Ethanol (C,HsOH, M = 46 g/mol).

Qui trinh thuc nghiém

— Tao dung dich sol tir dung méi ethanol, precursor Zn(CH;COO),.H,0, chit tao
phirc DEA v6i ndng d6 Zn** trong dung dich 0,75M, ti 1& s6 mol Zn?*/ sé mol
DEA 1a 1:1, thoi gian khudy dung dich 1 gid & nhiét d6 phong.

- Tao mang bang k¥ thuat pht nhung / phu quay.

- Xt ly nhiét cho mang.

- Phan tich ciu trac mau tao dugc bang phuong phap XRD/SEM.

2.4 Ché tao sol TiO, va phii mang bang phwong phap phii quay

Ho4 chat diéu ché gom:

e Precursor titanium butoxide (tetrabutylorthotitanate) Ti(OC4Hg)4
o Nudc cét.

e Chat tao phuc diethanolamine (DEA).
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¢ n-butanol C4,Hy,OH
e PEG 6000
Qua trinh tao sol thuc hién nhu sau theo 2 budc:
1) Tao phtc: phan tng gitta Precursor va chat tao phic DEA

2) Thuy phan nudce phan ang véi dung dich phic tao thanh dung dich sol.

Precuror
Ti(OC4Hg)4
Dung dich
> phuc
Chat tao phuc
DEA + dung méi »| Dung d;chA’sol
trong suot
Nudéc cat (H,0)
+dung moi
hd ~"
Tao phtrc Thuy phan

So dé cdc giai doan thyc nghiém
Trong giai doan tao phtic: precursor titanium butoxide va chat tao phiic DEA theo
ti 18 mol 1:1 duoc hoa tan trong dung méi hitu co va khudy déu bang may khuay
tur trong 2 gio.
Trong giai doan thay phan dung dich nudc cat hoa tan véi dung moi theo ti 16 R =
1 sau d6 duoc nho bang éng nho giot tir tir vao dung dich phac. Nong do mol cua

precursor trong dung dich thay d6i theo bang sau:

Téndd | Nong do Ti(OC4Hy)4 DEA Nudc cat
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sol mol ml [mol] ml [mol] ml [mol]
A 0.3 3,4[0.01] 0.965 [0.01] 0.09 [0.01]
B 1 10.2 [0.03] 2,8 [0.03] 0.27 [0.03]

Giai doan pha chat don PEG:
Sau khi tao dung dich sol ching tdi st dung dung dich sol B dé pha chat don PEG

véi ham luong theo bang sau:

MU Ham luong PEG Ham lugng PEG
(9/200ml) (9/5ml)
Bl 0 0
B2 2 0.1
B3 4 0.2
B4 6 0.3

3. BAO CAO THUC TAP

SV lam bai b&o céo theo yéu cau gido vién.
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